PERHAPS the most noteworthy recent change in pharmacology and experimental therapeutics has been the shifting of the centre of interest towards the specific treatment of infections. Until the closing decades of last century pharmacology, so far as practical therapeutics was concerned, dealt mainly with symptomatic treatment. Pharmacology concerned itself mainly with the exact description and analysis of the mode of action of remedies of approved value, and the attempt to discover others having actions of the same kind in enhanced degree, or free from undesirable associated effects. Since medical treatment was predominantly concerned with the relief of symptoms, it was a natural consequence that pharmacology should have the same tendency. There were, indeed, a few specific remedies for infections, which had a reputation based on long-standing tradition and established by empirical observation. It was known that cinchona, and more especially its earliest discovered alkaloid-quinine, had a specific action in malaria; that ipecacuanha was a specific remedy for many cases of tropical dysentery; that mercury and potassium iodide were valuable in different stages of syphilis, and sodium -salicylate in acute rheumatism. The organisms responsible for these infections, however, were unknown, and the remedies were characterized by general and rather ill-defined toxic I At a meeting of
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In the case of quinine, Binz, as long ago as 1868, had put on record a remarkable prophecy. Being struck with the visible effects of quinine on free-living protozoa, he made a penetrating surmise as to the probable nature of the unknown cause of malaria; but the most devout pharma. cologist may hesitate before claiming its correctness as an example of sound scientific reasoning. We know now that malaria is due to a protozoan parasite, but we have little ground for supposing that the effect of quinine upon it is comparable to that which Binz observed on infusoria. The general tendency, however, at the time of which I speak was probably to regard quinine as specifically and directly affecting the malarial infection, and having also an action on the patient, partly of an undesirable kind.
The lack of relation between general action and specific value was even more pronounced in the case of ipecacuanha. Evidence had been produced, indeed, to show that the emetic alkaloids were responsible for the action on dysentery. This was curiously ignored, however, and the toxic action on the patient was regarded as merely an inconvenient complication of the specific effect on the parasite. Until quite recent years ipecacuanha deprived of its alkaloids, and thereby of its emetio action and, as we now know, of its curative value, was widely used in the treatment of dysentery.
With specific therapeutics in this condition, it is no matter for surprise that laboratory pharmacology found more attractive problems in the finer analysis of the action of alkaloids and glucosides, having well-defined physiological effects, and tended to form au ever closer alliance with physiology and to lose contact with the obscure problems of the treatment of infections.
The rapid development of the science of immunity, and its suc. cessful application in several directions to the treatment of bacterial infections, threatened to divorce pharmacology even more completely from specific therapeutics. And when at length bacteriological methods seemed, in certain directions, to find a limit to the efficacy, when infections were encountered to which immunological treatment seemed inapplicable, the investigation of drugs and chemicals as specific remedies for infection seemed to start from a new point of view which the study of immunity had imposed. Search was to be made for new substances, produced in the laboratory, which, like Nature's antibodies, should be harmful only for the infectingparasite and harmless for the host; which should have maximal " parasitotropic " and minimal " organotropic " properties. Pharmacology might continue its academic inquiry into the mode of action of traditional remedies and its search for natural active principles. The new search for specific remedies, for " magic bullets," as Ehrlich picturesquely conceived them, which would bring down the parasite unerringly and leave the host unscathed, must be constituted as the new science of chemotherapy.
I suppose that many years must pass before we can justly appraise the part played, in laying bare the mechanism of immunity, by the side-chain theory of Ehrlich There are probably not many now who believe that it will prove to be permanently acceptable as a scientific presentation. It may be doubted whether Ehrlich himself, in his later years, regarded it as more than a useful diagram, by which facts already ascertained could be summarized and brought into some kind of logical connexion, and by which new lines of investigation could be suggested. It is difficult for one who, even for a brief period, came under the influence of his stimulating personality, to take a completely detached view. His eager and fertile imagination worked naturally along the lines of his favourite study of the synthetic dyes, and looked inevitably for analogies to biological phenomena in structural organic chemistry. It can hardly be doubted to-day, and I believe that he realized it himself, that a study of the complex physico-chemical problems involved in the reactions of immunity, with the aid of the new developments in colloidal chemistry, is bound ultimately to modify profoundly the conception of their mechanism. Meanwhile, however, the side-chain theory seemed to have favoured, rather than impeded progress in one branch. of specific therapeutics, and might yet do service in the new science of chemotherapy, which was to displace the old-fashioned pharmacology, where the attack on infections by means of drugs was concerned. The problem was to be the discovery of substances adapted to the receptive side-chains of the protoplasm of the parasite, fixing themselves to it with a maximal affinity and bringing to bear on it the poisonous properties of a toxophore grouping, and at the same time having a minimal affinity, and therefore a minimal toxicity, for the tissues of the host. Action on the host was to be regarded as something to be avoided and eliminated as far as possible. Its pharmacological details would be largely irrelevant.
The search for new remedies along these lines had already been in progress for some years when it was brought almost to a standstill by the outbreak of the world war. It has appeared to me that this might be a useful opportunity to review its achievement, and especially to consider certain items of evidence, obtained during the last few years, which seem to me to raise a doubt as to the theoretical basis of the chemotherapeutic programme, and to suggest that the older methods, with their appearance of less directly practical aim, and their more laborious study of the effect on the patient, cannot as yet be safely discarded if we are to gain a clear conception, even of the effect of a chemical remedy on the progress and persistence of an infection.
It would be foolish to deny to the newer method of attack at least one achievement of first-rate importance. The dyes, the action of which furnishes probably the clearest example of a directly " parasitotropic " action, have hardly fulfilled their early promise. Trypan-blue seems to have established itself as a remedy for piroplasmosis in domestic animals, but, beyond that, there is as yet no considerable therapeutic success to be recorded for this group. The really important success came from another direction. The organic arsenical compound which had been marketed under the name " atoxyl," was shown in this country to cause the disappearance of trypanosomes from the circulation of a small animal^infected with them. Ehrlich -and Bertheim, by establishing the true chemical structure of this substance, opened the way for the preparation of a large series of derivatives. It can hardly be expected that all the conclusions, as to the adjuvant or dystherapeutic effect of this or that grouping, which were reached during the intensive investigation which followed, will prove to have a general or permanent validity. A conclusion of major and probably of permanent importance, however, was that as to the greater efficacy of the compounds containing arsenic in the trivalent form, as compared with the corresponding compounds with pentavalent arsenic. With this point established, the road was cleared along which salvarsan was ultimately reached. No future development can weaken the claim of Ehrlich and his colleagues to credit for this pioneer achievement. There were early indications, however, that a favourable ratio between parasitotropic and organotropic action would not wholly suffice to account for the wide margin b)etween therapeutically effective and dangerously toxic dose, even in the case of this truly remarkable remedy. Tested on spirochaetes it vitro it proved surprisingly harmless, though parasites so treated seemed to have lost their power of infection. Levaditi found that the addition of liver emulsion gave to salvarsan the power of killing spirochaetes even in vitro, and there are various other indications that the host's tissues do not play an indifferent part in the therapeutic process.
It seems quite possible, as has recently been suggested by Voegtlin and his co-workers in the Public Health Department at Washington, that the really effective agent is the arsenious oxide (m. amino-p. hydroxyphenylarsenious oxide), derived from salvarsan by partial oxidation in the body. If this be true, the question naturally arises why this substalnce, which would present no insuperable difficulties of manufacture, which is more stable and easier to administer than salvarsan, should not be used as such. I think the answer is probably to be found by considering a factor, in the specific treatment of infection by drugs, which has hardly received as yet the full attention which it deserves-the factor of persistence of action. The arsenious oxide corresponding to salvarsan is more toxic, indeed, than the latter for the mammal; but it is also more toxic for the parasite. Ehrlich and his colleagues had observed that this substance had a powerful, rapid but evanescent action on an infection with trypanosomes or spirochoetes, the blood being quickly cleared of parasites, but early relapse being the usual sequel. Shock tactics in such a case are ineffective; flooding the body for a brief period with even the maximal concentration of the substance which it will tolerate, a concentration which falls rapidly as the freely soluble substance is eliminated, will not eradicate the infection. For this the steady maintenance over a prolonged period of even a much lower concentration is far more effective. And here I believe we can find the secret of the efficacy of salvarsan. Not that it is directly toxic for the parasite; seemingly it is not so; but that, being an almost insoluble substance at the slight alkalinity of the blood and tissues, it can circulate in the blood only in a colloidal form, protected from aggregation by the plasma proteins; and that, being quickly deposited in the tissues, it there, by slow oxidation, keeps up a steady supply of the really efficient parasiticide until it is all eliminated. It would be fair to argue, I think, that even salvarsan owes to its organotropic rather than to directly parasitotropic properties, its greatly superior efficacy in comparison with that of its soluble, toxic, and directly acting derivative.
When we pass to the other cases in which specific chemical remedies have proved successful in combating infections, it becomes even more obvious that a conception of their action is inadequate, which regards an action on the organs and tissues of the host as merely an undesirable complication of the direct action of the remedy on the parasite. In the case of ipecacuanha there was evidence of many years' standing that the alkaloid was the effective constituent in the treatment of it dysentery. As early as 1891 Tull Walsh and Warden had found that the total alkaloid of ipecacuanha, the " emetine " of that period, cured cases of dysentery which were unaffected by the ipecacuanha deprived of its alkaloids. The observation seems to have been forgotten. Later, the separation of the different alkaloids by the chemists, and the differentiation of aimcebic from bacillary dysentery, gave the opportunity for a re-discovery of the essential fact, and its statement with greater precision. The time was also ripe for its incorporation into the chemotherapeutic scheme. This appeared to have been effected when Vedder observed that the growth of free-living amcebee was inhibited by high dilutions of emetine and cepha8line, and when Rogers described the rapid immobilization and death of Entamoeba histolytica itself, obtained from a dysenteric stool, by contact with a solution containing only one part of emetine hydrochloride in 100,000. Here, at least, seemed evidence of a direct parasiticidal action, and a basis for a simple explanation of the curative effect of the alkaloid, which clinical experience demonstrated.
That this renewed application of the alkaloids of ipecacuanha, and of pure emetine salts in particular, has effected an enormous improvement in the treatment of amoebic dysentery, is beyond question. The accuracy of the observations on which it was founded, and of the conception of the action to which they gave rise, is by no means so thoroughly established. The need for improving the treatment of amoebic dysentery during the war. supplied an incentive to Mr. Dobell and idyself for repeating these experiments, and extending them to other natural alkaloids of ipecacuanha, and to artificial derivatives from them. The amoebae were obtained from kittens infected with strains of Entamceba histolytica obtained from human cases, and a few confirmatory observations were carried out on amoebee obtained direct from man. The results were surprising and, I think, significant.
Emetine and cephaeline, so far from exhibiting a specially lethal effect on Entamoeba histolytica outside the body, had little apparent action even in quite strong solutions, up to 1 per cent., on thoroughly healthy parasites, taken direct from the ulcerated bowel of the freshly killed kitten. They were much less harmful to such amcebfe than other alkaloids, such as quinine and harmaline, which have no specific action on the infection. In the series of natural ipecacuanha alkaloids, and artificial derivatives which we examined,1 several were found which For all these we were indebted to Dr. F. L. Pyman, then director of the Wellcome Chemical Research Laboratories. were more toxic for the amoebae in vitro than emetine or cephaeline, and at the same time much less toxic for mammals, including man. Yet. these other alkaloids, more parasitotropic and less organotropic than emetine or cephaeline, have all proved to be without therapeutic value in amoebic dysentery. Several of them were administered to human patients by Dr. G. C. Low. They could be. given in relatively large doses, without producing nausea or other symptoms, which much smaller doses of emetine would cause, but also without producing any perceptible effect on an amoebic dysentery, which afterwards cleared up rapidly under emetine. A compound produced by methylating emetine on a nitrogen atom, retained some of the therapeutic effect in dysentery, but also some of the emetic action of* the parent alkaloid. Even the artificial iso-emetine, differing from emetine only in the asymmetry of a carbon atom, having only about one half of the depressant effect of emetine on the heart and practically no emetic action, proved quite without value in the treatment of infection with Entamneba histolytica. In this series of alkaloids, if the results of experiment mean anything, curative action is related to toxic action on the host, and bears no kind of relation to direct toxicity for the parasite. That action on the host is an essential feature in the therapeutic effect is further suggested by the fact that emetine itself, in any dose, failed in any way to influence the course of dysentery in kittens, produced by strains of amoebae from human cases, in which emetine subsequently effected a normal and permanent eradication of the infection. The search for a remedy for dysentery in the emetine series, with maximal parasitotropic and minimal organotropic properties, leads us definitely astray; there seems no hope of real progress here until the older pharmacology can give us more precise knowledge as to the mode of action, the distribution and the fate of these alkaloids in the mammalian organism. We mnust know in what way emetine changes the tissues of the host, so as to make it impossible for the obligate tissue-parasite, Entatmccba histolytica, to penetrate the tissues and obtain the only food on which it can thrive and multiply, while its harmless, saprophytic relatives, Entamno1ba coli and Endolimax nana, remain unaffected.
In the action of quinine in malaria, again, we meet with an effect which finds no really satisfactory explanation in the assumption that this alkaloid has a specific toxicity for the parasite. Demonstrations of the toxicity of quinine for free-living protozoa cannot fairly be applied in explanation of the effect on malaria; if quinine cured malaria simply in virtue of its action on protozoa, its inefficacy in the closely similar Halteridium infection in birds would be quite inexplicable. It is significant that Morgenroth, a former collaborator with Ehrlich, and a faithful adherent of the parasitotropic explanation of the action of salvarsan, finds it necessary to put forward an ingenious theory of a totally different type in explanation of the action of quinine in malaria. By physiological and bacteriological methods of assay he has convinced himself that quinine is preferentially taken up by the red corpuscles. In that position it is supposed either to kill the intracorpuscular parasites, or, more probably, to exercise a repellent effect on the merozoites, which must penetrate the red corpuscles or perish without further development in the plasma. By this hindrance to infection of the red cells asexual multiplication is brought to an end and thẽ disease eliminated. Among a number of observers who have used chemical methods, none have obtained evidence of this distribution of quinine in blood in favour of the corpuscles. Ramsden and Lipkin found the greater part in the plasma, and recent observations made by Acton and King, in the National Institute for Medical Research, indicate a practical equality of distribution. It is of interest, however, -to find that even those who were closely associated with the ideas of the Ehrlich school are turning, for an explanation of the action of quinine, to a conception which bases it on a property essentially organotropic, and not parasitotropic.
In other directions I believe that -the same tendency will presently mnanifest itself. Among recent successes of specific therapeutics by chemical agents must certainly be reckoned the discovery of the action of tartar emetic, first in kala-azar and more recently in bilharzia infection. The original suggestion for the trial of antimony compounds, in place of those of arsenic, came from a former President of the Section, Professor Cushny; but the successful applications have been largely -the result of empirical clinical observation. There is no theoretical ground for supposing that a substance which cures kala-azar is likely to remove infection by bilharzia. Especially surprising was the discovery that the irritant eggs of the trematode parasite, to the action of which, in working their way through the tissues of the bladder and bowel, the symptoms of the disease are due, are killed and deprived of their irritant properties under the treatment with tartar emetic. It should not be difficult to discover whether the eggs, when observed in vitro, are killed by dilutions of tartar emetic comparable to those which are tolerable in the blood and tissues of the living ipan, and we may expect that investigations along these lines will clear our conceptions concerning a much wider field of chemotherapy than that of the immediate problem of tartar emetic and bilharzia. That the action will prove to be anything so simple as a direct action of the drug on the parasite is rendered additionally improbable by the more recent accumulation of evidence that emetine also, though doubtfully as yet in the same degree, has a similar specific remedial action on infection by bilharzia, and, according to still more recent evidence, on kala-azar. It seems difficult to suppose that emetine should owe its efficacy in amcebic dysentery, on the one hand, and in bilharzia infection on the other, to a specific chemical relationship both toEantamla?ba histolytica and to the schistosomes and their ova; or that the latter should possess specific receptors both for emetine and for tartar emetic.
It is from such considerations as these that I am led to believe that the tendency to regard chemotherapy as a field for the organic chemist and the parasitologist, and to eliminate the pharmacologist, is at least premature. I believe that a patient and caieful analysis, of the effects of these remedies on the host, will prove to be an essential step towards a clear understanding of the method by which their administration influences the power of the parasite to maintain and propagate itself in the blood and the tissues. Brilliant with promise in its beginning, chemotherapy seems to have reached a point where its successes are the result of luck and empirical trial; nothing but fuller knowledge can give us that rational basis of theory from which an orderly, scientific progress can result.
